We examined 288 urine samples, using test strips, sediment microscopy, and culture. The ability of the leukocyte esterase and nitrite test strips to detect or exclude urinaty tract infection, as defined by a positive culture, was evaluated by probability analysis. We found that the diagnostic efficiency of the esterase-nitrite combination was similar to that of sediment microscopy. Moreover, once the strip test results had been obtained, little additional information was given by microscopy. The importance of estimating the prevalence, or pre-test probability, of infection before the test result is evaluated is emphasized. We conclude that, for detecting or excluding urinary-tract infection, microscopy can be replaced by the esterase and nitrite test strips. If the probability of infection predicted by the test strips is not high (or low) enough compared with medical decision limits, the samples should be cultured. In recent years, test strips have been developed for detecting components from bacteria and leukocytes in urine. The use of test strips instead of sediment microscopy would save time and expense. However, despite numerous studies evaluating the strips, the role of test strips in clinicaland laboratory decision making remains controversial (1).
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We performed the present work to evaluate the test strips for detecting leukocytes and bacteria in urine, with an emphasis on how their results can form a basis for decision making in the diagnosis and treatment of urinary tract infections. The evaluation of the strips includes the following steps: (b) The sensitivity and specificity of sediment microscopy were recalculated in the subgroups of esterase-positive and esterase-negative urines.
(c) The predictive values of the test results were calculated as a function of the pre-test probability of urinary tract infection. 
MaterIals and Methods
Specimens were clean-voided midstream urine, obtained as first morning collections from patients of both sexes, hospitalized at Haukeland Hospital. The 288 urine samples obtained were examined 1 to 3 h after collection, by use of test strips for leukocyte esterase and nitrite, by routine microscopy, and by culturing.
The test strips, Multistix#{174}7
(Ames Division,Miles Laboratories, Inc., Elkhart, IN) and Nephur-Test#{176}+Leuco (Boehringer Mannheim GmbH, Mannheim, F.R.G.), were used according to the manufacturers' instructions. The strips for leukocyte esterase have a color scale from 0 to 3. Results 1 were generally considered positive, but cutoff points at 2 and 3 were also evaluated. The nitrite field was recorded as either positive (1) or negative (0).
For microscopy, 10 mL of urine was centrifuged at 180 X g (1000 rpm) for 5 mm. The sediment was resuspended in two drops of Sternheinier-Malbin stain (2). Leukocytes and bacteria were counted per high-power field, defined as the field of vision at 400 x magnification. Microscopy was considered positive when the number of leukocytes was >5 per high-power field.
Urine specimens were cultured by application of 1 pL with calibrated platinum loops onto bromthymol lactose agar and blood agar plates. Cultures were examined after incubation overnight at 37 #{176}C in air. All isolates were identified by routine bacteriological methods. For the purpose of this study, the growth of> iO bacteria per milliliter of urine was considered to indicate infection.
Statistical methods. Sensitivity and specificity were calculated as described elsewhere (3,4) (Table 1) . Therefore, only results from the Boehringer strips are presented in the following. Using a combination of various tests can improve the sensitivity or the specificity of an examination. If one requires that both tests must be positive for the combination to be considered positive (series approach), then the specificity will be higher, but the sensitivity will be lower than that of either test alone, If, on the other hand, the combination is considered positive when one or both tests are positive, and negative only when both tests are negative (parallel approach), the sensitivity will be higher, but the specificity will be lower than that of either alone (3, 5). Table 2 shows the results of some test combinations. Microscopy alone (Table 1) had either a lower sensitivity, or a lower specificity, than the parallel combination of esterase and nitrite, depending on the cutoff point chosen.
When the samples were divided into esterase-positive and esterase-negative urines, the sensitivity and specificity of microscopy in these subgroups was different (Table 3) . Especially, microscopy had a low sensitivity in esterasenegative samples and a low specificity in esterase-positive samples.
Correlation between Test Strips and Microscopy
Esterase test vs leuhocyte count. Of samples with 5 leukocytes per high-power field, 92% were esterase negative; of samples with >5 leukocytes per high-power field, 69% were esterase positive. Conversely, of the esterasenegative urines, 81% had s5 leukocytes per high-power field, and of the esterase-positive urines, 86% had >5 leukocytes per high-power field. Table 4 gives the correlation between results from the esterase test strips and microscopy.
Nitrite test vs bacterial count. Of samples with 50 bacteria per high-power field, 32% were positive for nitrite. Number of samples.
Of samples with <50 bacteria per high-power field, 96% were negative for nitrite.
Predictive Values
The predictive value of a test is a function of the prevalence of the condition being looked for. The positive predictive value is the probability that a positive test result reflects the presence of the disease in question, and the negative predictive value is the probability that a negative test result reflects the absence of the disease (3,4) .
The a priori probability (pre-test probability before any examination has been performed) that a person has a given disease is equal to the prevalence of the disease in the tested group, as illustrated by the 45#{176} line in Figure la . If a relevant test result is positive, then the probability that the patient has the disease exceeds the a priori probability. This post-test probability equals the positive predictive value of the test (Figure la, upper left curves) . If, on the other hand, the test result is negative, the probability of disease is decreased, and the post-test probability now equals 1 minus negative predictive value (lower right curves). Thus, at a given prevalence, the vertical distance from the a priori probability line to the post-test probability curve illustrates the information gain given by the test. Plotting results for several tests in the same diagram, as in Figure la , more easily demonstrates which test gives the most information.
The highest gain of positive information (confirming infection) was given by a positive nitrite test result, followed by a positive esterase test result. The highest gain of negative information (contradicting infection) was given by a negative microscopy result (5 leukocytes per highpower field). Of the three tests, microscopy had the lowest positive information gain when the cutoff value for positive was >5 leukocytes per high-power field; increasing the cutoff to >15 leukocytes per high-power field increased the informativeness of microscopy to that for the esterase test (not shown in the figure) . Figure lb shows the probability of infection given by some parallel combinations of tests, as compared with microscopy alone. The highest gain of positive information was given by the parallel combination of esterase and nitrite. This combination also gave about the same amount of negative information as did the observation of s5 leukocytes per high-power field by microscopy.
Discussion
In the traditional evaluation of the leukocyte esterase test strip, the test result is compared with the number of leukocytes determined per microliter of uncentrifuged urine in a counting chamber. Both the original 15-mn leukocyte esterase test strip (6-9), and later the 1-to 2-mn version (10, 11), which is represented in this study, have been found to give positive results for 80% to 95% of the samples with 10 leukocytes per microliter of urine.
When the test strip result was compared with the number of leukocytes determined per high-power field in the urinary sediment (12-16), 70-95% of the samples with leukocyturia were esterase positive, compared with 69% in the present study. However, in the previous studies the sediments were prepared in different ways, and the criteria for leukocyturia varied.
Beyond a general prediction of leukocyturia, we found that the esterase test had a limited ability to predict the number of leukocytes found in the sediment (Table 4 ).
Similar observations have been made by others (12).
Still controversial is the number of bacteria per milliliter of urine that must be present to reliably indicate infection (17, 18) . Consequently, the ability of the various tests to detect infection is evaluated differently in the literature.
The sensitivity and specificity of the various tests in this study (Table 1) When >5 leukocytes per high-power field was used as a cutoff point for sediment microscopy, we found that the sensitivity of microscopy to diagnose infection was greater, but the specificity was less, than that of the esterase test strip (Table 1) . Others have found microscopy to be rather similar to esterase in this respect (19). To our knowledge, no authors have found sediment microscopy to be markedly better than the test strips for detection of bacteriuria.
The nitrite test had a low sensitivity, but it also had the highest specificity of any of the tests we examined. Demonstration of bacteria by microscopy had either a low sensitivity or a low specificity, depending on the cutoff point chosen (Table 1) .
When test strips are used, results from two or more tests are obtained at the same time, and the result from a 98 (15, 19, 20, 22, 23, 2 7-29) . These values are similar to our results (Table 2) .
Predictive Values
The pre-test probability of a disease's occurring is of fundamental importance for the predictive value of the test result. This probability may be the same as the prevalence of the disease in the population studied, or it may be the result of preceding investigations, such as a clinical examination. From the formulas for predictive values (see Statistical methods) it follows that if the pre-test probability of infection is very low, the post-test probability must also be low. Correspondingly, at a very high pre-test probability, a high post-test probability of infection may be present despite a negative test result.
To illustrate, suppose that urinalysis is performed in a population where the prevalence of urinary tract infection is 0.05. Then the pre-test probability for an individual to have an infection is 0.05. If a positive nitrite test result is found, the probability of infection will be equal to the positive predictive value, which is If sediment microscopy was chosen instead of the nitrite test, a corresponding calculation shows that the probability of infection after a positive result would be only 0.14. This means that the nitrite test gave much more information than did microscopy. Regardless of which test was chosen, however, infection would not be very likely, even after a positive test, because of the low prevalence. Additional investigations would have to be done. Therefore, to obtain a clinical diagnosis, two or more tests are often performed in succession. The post-test probability of disease, obtained from the first test, can then be used as the pre-test probability of the next, presupposing that the tests are independent of each other (30) . After a   series of tests, one may finally achieve a post-test probability that is high (or low) enough to make a clinical decision. The sensitivity and specificity of the combination of two independent tests can be calculated from the corresponding values of either test (3). Conversely, whether or not two tests are independent can be calculated when the sensitivity and specificity of the tests and of their combination is known. (Table 2) . Consequently, these tests cannot be independent. This is reasonable, because they both detect increased numbers of leukocytes. However, the tests are not completely dependent on each other, because they use different principles to detect the leukocytes (10).
If the esterase
Because the esterase and nitrite tests are independent of each other, the predictive values of the various combinations of test results can be calculated from the sensitivity and specificity of either test. Table 5 lists the post-test probability of infection, as evaluated after some test results, for various pre-test probabilities.
Microscopy is not independent of esterase, so that the obtained post-test probability from esterase and nitrite cannot be used directly as pre-test probability for micros- copy. However, using the sensitivity and specificity of microscopy in the subgroups of esterase-positive and -negative samples (Table 3 ) allows calculation of new predictive values (Table 6 ). The post-test probability obtained from esterase (with or without nitrite) can then be used as the pre-test probability for microscopy. Thus, Table  6 illustrates what additional information can be obtained from sediment microscopy when the strip tests have been performed.
Obviously, the final post-test probability is independent of the order in which the tests are performed. Microscopy might be chosen as the first test, and the additional information obtained from the subsequent use of test strips could be calculated. However, microscopy is much more time-consuming than the test strips, and it is reasonable to start with the least expensive and time-consuming test.
Two common conditions under which urine is analyzed are (a) screening and (b) evaluation of symptomatic patients. If we assume a threshold probability of >0.90 to prescribe treatment for urinary tract infection, and a threshold probabilityof <0.10 to rule out an infection, the following situations will appear.
(a) In screening symptomless, healthy persons, the prevalence of bacteriuria is generally <0.05 (32). If esterase 1 and nitrite = 0, then the post-test probability will be 0.06 (Table 5) , and the patient can be considered not infected. If esterase 2 and nitrite is 1, the post-test probability of infection is 0.83, which is close to the threshold for deciding to treat the patient. For this pair of results, the prevalence must be 0.09 to get the post-test probability 0.90, and a subsequent microscopy is not of much help: even if >15 leukocytes per high-power fieldwere found, the prevalence would still have to be 0.08 to get a final post-test probability 0.90 (Tables 5 and 6 ). In this situation, no other combination of test-strip results leads to any decision, and it is not possible to improve the decision making by doing microscopy.
(b) In symptomatic patients the prevalence of bacteriuria is 0.65 to 0.90 (17,33). Assuming a pre-test probability of 0.70, the finding of nitrite = 1 and (or) esterase 2 gives a post-test probability of infection >0.90; i.e., the patient is considered infected and will receive treatment. If, on the other hand, nitrite = 0 and esterase 1, the the post-test probability is 0.31 to 0.72 and cannot be increased to >0.90 or decreased to <0.10 by microscopy (Tables 5 and 6 ). Thus, in these cases the use of microscopy does not add any 
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information with respect to decision making.
Generally, Table 6 shows that, once the esterase test has been done, little information can be added by microscopy, especially when the esterase test is positive.
In conclusion: The ability of the esterase and nitrite test strips to detect or exclude urinary tract infection is comparable with, or better than, that of sediment microscopy. Once the strip tests have been done, little additional information can be given by microscopy. Consequently, for the detection or exclusion of urinary tract infection, microscopy can generally be replaced by the esterase and nitrite test strips. Moreover, one should always estimate the prevalence, or pre-test probability, of infection. if both test-strip results are positive, the urinary tract is likely to be infected, unless the pre-test probability is very low. If both are negative, urinary tract infection is unlikely, unless the pro-test probability is very high. When esterase and nitrite test results disagree, infection is likely only if the pre-test probability is high, as in patients with acute symptoms; otherwise the examination is inconclusive.In such cases, urine cultures should be performed.
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